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There  have been  many u s e s  of shock waves i n  d i l u t e d  m i x t u r e s  of e x o t h e r m i c  
r e a c t a n t s  f o r  s t u d i e s  of c h e m i c a l  r e a c t i o n  r a t e s .  I t  was once  commonly thou.cht ,  
for l a c k  of e v i d e n c e  t o  t h e  c o n t r a r y ,  t h a t  one c o u l d  o p e r a t e ' . i n  a regime f r e e  of 
c o m p l i c a t i o n s  from s p o n t a n e o u s  " d e t o n a t i o n "  phenomena a r i s i n g  from t h e  d e p o s i t i o n  
o f  t h e  r e a c t i o n  e n e r c y  i n  t h e  f l o w i n g  gas  by E e n e r a t i n g  shock  waves fas ter  and 
s t r o n e e r  t h a n  t h e  Chapman-Jouguet wave fo r  t h e  d i l u t e  m i x t u r e .  Such shock  waves 
are i n  r e a l i t y  o v e r d r i v e n  d e t o n a t i o n  waves, and t h e  o n l y  b a s i s  for d i s t i n g u i s h i n g  
them from s t r o n g  d e t o n a t i o n  waves i n  more c o n c e n t r a t e d  m i x t u r e s  i s  t h e  fact  t h a t  
t h e  d i l u t e  m i x t u r e s ,  i f  n o t  s u p p o r t e d ,  may f a i l  t o  s u s t a i n  a slower, Chapman- 
J o u g u e t  v e l o c i t y  wave. T h i s  d i s t i n c t i o n  is  one  of d e g r e e  r a t h e r  t h a n  of k i n d ,  and  
r e c e n t  e x p e r i e n c e  w i t h  u n s u p p o r t e d  d e t o n a t i o n s  and  o v e r d r i v e n  d e t o n a t i o n s  i n  d e t o -  
n a b l e  g a s  m i x t u r e s  i n d i c a t e s  t n a t  t h r e e - d i m e n s i o n a l  s t r u c t u r e  which c h a r a c t e r i z e s  
t h e  Chapman-Jouquet v e l o c i t y  waves r e m a i n s  p r e s e n t ,  on a. p r o g r e s s i v e l y  f i n e r  scale, 
i n  o v e r a r i v e n  waves. 1 ** 

waves i n  d i l u t e ,  o n l y  m i l d l y  exotherm.ic  m i x t u r e s  h a s  been less c o m p l e t e l y  charac-  
t e r i z e d .  Indeed ,  many s u c c e s s f u l  i n v e s t i g a t i o n s  of k i n e t i c s  of  e x o t h e r m i c  r e a c -  
t i o n s  have been c a r r i e d  o u t ' i n  shock waves i n  d i l u t e  m i x t u r e s  w i t h o u t  major or even 
n o t i c e a b l e  i n t e r f e r e n c e .  On t h e  o t h e r  hand, t h e r e  have  been i s o l a t e d  r e p o r t s  of 
" i n s t a b i l i t i e s " ,  i n  t h e  r e a c t i o n  z o n e s  i n  p a r t i c u l a r ,  under  c i r c u m s t a n c e s  where t h e  
s y s t e m  was d i l u t e d  w e l l  beyond t h e  l i m i t  of d e t o n a b i l i t y  and  t i i e ' s h o c k  wave was 
c l e a r l y  s t r o n p e r  t h a n  a Chapman-Jouguet wave. Examples of t h e s e  o c c u r r e n c e s  may b e  
found i n  s t u d i e s  of t h e  hydro,gen - bromine r e a ~ t i o n , ~  ozone d e c o m p ~ s i t i o n , ~  and 
hydroKen-oxygen cornkust ion.  The p r e s e n t  p a p e r  r e p o r t s  t h e  o c c u r r e n c e  of such i n -  
s t a b i l i t i e s  i n  shock waves i n  a m i x t u r e  of 1% C2i.i2, 1 .5% 0 2 ,  97.5% A r  and t h e  i d e n -  
t i f i c a t i o n  of c o n d i t i o n s  where t h e  phenomena e x h i b i t  t h e  r e c o g n i z a b l e  and q u a s i -  
r e p r o d u c i b l e  form of s i n g l e - h e a d e d  s p i n . 6  ,' 

The o c c u r r e n c e  of t r a n s v e r s e  waves o r  o t h e r  i n s t a b i l i t i e s  i n  d r i v e n  shock 

Exper imenta l .  

The e x p e r i m e n t s  r e p o r t e d  h e r e  were c a r r i e d  o u t  i n  t h e  1 0  cm i . d .  c i r c u l a r  
b r a s s  shock t u b e  used f o r  s e v e r a l  p r e v i o u s l y  r e p o r t e d  chemical i n v e s t i p t i o n s .  
S e v e r a l  d i f f e r e n t  t e s t  s e c t i o n  c o n E i E u r a t i o n s  were u t i l i z e d  fo r  t h e  v a r i o u s  k i n d s  
of d i a g n o s t i c  e x p e r i m e n t s .  E i t h e r  b r a s s  shim s t o c k  or Hylar  s h e e t  d iaphragms were 
u s e c ,  and t h e - d r i v e r  g a s  was' hydrogen. The s e v e r a l  d a t c n e s  of 1 .0% C2H2, 1.5% 02 ,  
97 .5% h r  tes t   as m i x t u r e  were p r e p a r e d  inanometr ica l ly  fron t a n k  a r g o n  a n d  a s i n g l e ,  
homogeneous s t o c k  m i x t u r e  of 40% C2H2, 60% 0 2  p r e p a r e d  i n i t i a l l y  from t a n k  sup- 
p l i e s .  T h e  c o m p o s i t i o n  of one b a t c h  was c h e c k e l  by mass s p e c t r a l  a n a l y s i s ,  and 
0.C38 :iZ was t h e  o n l y  d e t e c t e d  d e p r t u r e  from t h e  i n t e n d e d  c o m p o s i t i o n .  
ments  were C a r r i e ?  c u t  a t  i n i t i a l  shock t u b e  p r e s s u r e s ,  po ,  of 20.. 50, a n d  1 2 0  T o r r .  

, 

Exper i -  

Shock wave s;;eeds were moni tored  5y raster  o s c i l l o s c o 2 e  r e c o r d i n g  o f  t h e  prog- 
r e s s  of tile shock. f r o n t  p a s t  f i v e  p i e z o e l e c t r i c  T r e s s u r e  t r a n s d u c e r s  spaced  a t  
30 c m  o r  lonaer i n t e r v a l s  Along a 1 4 0  cm o r  l o n g e r  segment of t h e  t u b e  b e g i n n i n g  
200 cm or 350 cm fro;r. t h e  d i a p h r a p n .  

In o t h e r  e x y e r i n e n t s ,  where t h e  d e i m r t u r e  of t h e  shock f r o n t  from p l a n a r i t y  
was u n d e r  e x a m i n a t i o n ,  four of t h e  p i e z o e l e c t r i c  qaug,es were arrardged a t  90° i n t e r -  
v a l s  a round t h e  t u b e  2 e r i n . e t e r . i n  a p l a n e  p e r p e n d i c u l a r  t o  t h e  . a x i s ,  .and t h e i r  re- 
s p o n s e s  were d i s p l a y e d  on  four s y n c h r o n i z e d  o s c i l l o s c o p e  t r a c e s .  

t h e  e x p e r i m e n t s  by o s c i l l o s c o p e  r e c o r d i n g  of t h e  a b s o r p t i o n  of a beam of u l t r a v i o l e t  
The p r e s e n c e  of Gti r a d i c a l s  i n . t t : e  combustion zone was. ,monitored in .many of. 
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OH m o l e c u l a r  l i n e  r a d i a t i o n 9  which passed  d i a m e t r i c a l l y  a c r o s s  t h e  t u b e  th rough  
q u a r t z  windows. 

Mylar f o i l s  c o a t e d  w i t h  wood smoke soot2 were p l a c e d  a g a i n s t  t h e  i n t e r i o r  s u r -  
f a c e  o f  t h e  shock t u b e  end  f l a n g e  i n  many o f  t h e  expe r imen t s  t o  r e c o r d  t h e  p re sence  
o f  i r r e g u l a r i t i e s  i n  t h e  shock  f r o n t  r e a c h i n g  t h e  t u b e  end. Smoked f o i l s  l i n i n g  
t h e  s i d e  walls a l o n g  a 1 4  c m  l e n g t h  of t h e  t e s t  s e c t i o n  were a l s o  used  i n  sone  ex- 
p e r i m e n t s .  The l o c i  a t  t h e  t u b e  w a l l  o f  t h e  a b r u p t  i n t e r s e c t i o n s  of segments  of 
c r e a s e d  shock  waves a r e  r e c o r d e d  a s  i n s c r i p t i o n s  i n  t h e  s o o t  c o a t i n g .  

F i n a l l y ,  open s h u t t e r  pho tography  i n  a 60 cm long  q l a s s  e x t e n s i o n  of t h e  tes t  
s e c t i o n  was used  t o  r e c o r d  t h e  luminous  t r a j e c t o r y  o f  t h e  s p i n n i n g  r e a c t i o n  zone - 
shock f r o n t  complex i n  shock  waves e x h i b i t i n g  t h e  s ing le -headed  s p i n  phenomenon. 

R e s u l t s  

1 

The i n i t i a l  r e s u l t s  which s u g g e s t e d  t h a t  s p i n - l i k e  i r r e g u l a r i t i e s  might be 
p r e s e n t  i n  prompt ly  r e a c t i v e  shock waves i n  t h e  97.5% A r  mix tu re  c o n s i s t e d  of t h e  oc- 
c u r r e n c e  o f  q u a s i - p e r i o d i c  u n d u l a t i o n s  i n  s p e c t r o p h o t o n e t r i c  r e c o r d s  o f  OH r a d i c a l  

s econds  a f t e r  pas sage  of t h e  s h o c k  wave. These r e c o r d s  d i d  n o t  i d e n t i f y  t h e  i n -  
s t a b i l i t y  d e f i n i t i v e l y , .  n o r  have  t h e y  proven  t o  b e  even  r e l i a b l e  i n d i c a t o r s  o f  t h e  

' p r e s e n c e  o f  i n s t a b i l i t y  i n  a l l  i n s t a n c e s .  Accord ingly ,  t h e  i n v e s t i g a t i o n  of t h e  
i n s t a b i l i t y  phenomena t u r n e d  t o  t h e  i n c l u s i o n  o f  o t h e r  d i a g n o s t i c  t e c h n i q u e s  w i t h  
which w e  have  e x p e r i e n c e  f rom t h e  s t u d y  o f  gaseous  d e t o n a t i o n s . 2 s 6  

P o s i t i v e  c o n f i r m a t i o n  of t h e  o c c u r r e n c e  o f  s i n e l e - h e a d e d  s p i n  was made w i t h  a 
smoked f o i l  a l o n g  t h e  i n s i d e  w a l l  o f  t h e  t u b e .  
t h e  smoke l a y e r  b e a r s  a h e l i c a l ,  r i b b o n - l i k e  i n s c r i p t i o n .  The fo rward  edge  o f  t h e  
r i b b o n  i s  t h e  p a t h  o f  t h e  backward p o i n t i n g  crease i n  t h e  o t h e r w i s e  convex shock  
f r o n t .  The t r a i l i n E  edge  is t h e  p a t h  o f  t h e  rear t e r m i n u s  of t h e  t r a n s v e r s e  de to -  
n a t i o n  uave  which p r o p a F a t e s  i n  t h e  compressed ,  u n r e a c t e d  g a s  accumula ted  behind  
t h e  weaker r e g i o n  of t h e  p r imary  shock f r o n t .  T h i s  prompt ly  r e a c t i v e  t r a n s v e r s e  
c o m p r e s s i o n a l  wave c o u p l e s  t h e  r evo lv ine ,  crease i n  t h e  p r imary  shock  f r o n t  t o  t h e  
p redominan t ly  c i r c u m f e r e n t i a l  a c o u s t i c  o s c i l l a t i o n  o f  t h e  p r e s s u r e  of t h e  column of 
burned  Kas f lowing  beh ind  t h e  combust ion  wave sys tem.  The phase  of t h e  h e l i x  i n  
the t u b e  and also t h e  p i t c h  a n g l e ,  9, whose t a n c e n t  i s  t h e  r a t i o  of t h e  a x i a l  t o  
t h e  c i r c u m f e r e n t i a l  v e l o c i t y  component,  is  reco rded '  by t h e  s i d e  w a l l  smoked f o i l .  
Good spec imens  of t h e s e  s i n g l e  s p i n  r e c o r d s  were o b t a i n e d  a t  i n i t i a l  p r e s s u r e s  of 
20 and 50  Torr. These d i f f e r  from t h e  r e c o r d s  o f  s i n e l e  s p i n  i n  unsuppor t ed  de to -  

. n a t i o n s ,  however, i n  t h a t  t h e  f i n e  s t r u c t u r e  found w i t h i n  t h e  t r a n s v e r s e  wave band 
' i n  t h e  l a t t e r  r e c o r d s 2  y6 is a b s e n t .  

d u r a b l e  and are  g e n e r a l l y  easier  t o  work w i t h .  These r e c o r d  t h e  l o c a t i o n  o f  r a d i -  
a l l y  or c i r c u m f e r e n t i a l l y  p r o p a g a t i n z  creases i n  t h e  shock  f r o n t  anywhere i n  t h e  
t u b e  cross s e c t i o n  upon a r r i v a l  of t h e  wave a t  t h e  end. S i n g l e  sp inn in r :  waves are 
, r ecogn ized  by t h e  p r e s e n c e  of  a s i n g l e , r c o r e  o r  less r a d i a l l y  o r i e n t e d  mark ex tend-  
i n g  inward  from t h e  r i m . 2  

Another  prominent  c h a r a c t e r i s t i c  o f  s i n g l e  s p i n n i n g  waves i s  s e v e r e ' d e p a r t u r e  
of t h e  shock  f r o n t  from p l a n a r i t y . 2 ' 6 ' 7  

gauges  spaced  a r b i t r a r i l y  a l o n g  t h e  tube .  

r e v e a l e d  t h e  p r e s e n c e  o f  s i n g l e  s p i n .  That t h i s  s ca t t e r  is i n  f a c t  a t t r i b u t a b l e  t o  

a g e  a x i a l  v e l o c i t y  is conf i rmed  by t h e  d i f f e r e n c e s  i n  a r r i v a l  times measured by t h e  
f o u r  p r e s s u r e  gauges  p l a c e d  i n  a r i n g  a round the t u b e .  These d i f f e r e n c e s  were as , 

g r e a t  as 11 usec, c o r r e s p o n d i n g  t o  a 15  mm d i f f e r e n t i a l  i n  a x i a l  p o s i t i o n ,  i n  shock  
waves 'where  t h e  smoked f o i l  con f i rmed  t h e  p r e s e n c e  of s ing le -headed  s p i n .  

F i n a l l y ,  t h e  o c c u r r e n c e  o f  s ing le -headed  s p i n  i s  demons t r a t ed  v e r y  g r a p h i c a l l y  
in t h e  open s h u t t e r  pho tograph  r ep roduced  i n  Fig.  1. 

A c o n c e n t r a t i o n  i n  t h e  r e a c t i o n  zone ,  which p e r s i s t e d  f o r  s e v e r a l  hundred micro- I 
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A f t e r  p a s s a g e  o f  a spinninp,  wave, 

I 

F o i l s  p l aced  o n l y  on t h e  end w a l l  are more 

t 
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T h i s  scat ter  i n  a p p a r e n t  v e l o c i t y  was 
o b s e r v e d  t o  be as  g r e a t  as  '10% o v e r  30 cm i n t e r v a l s  i n  waves where t h e  end f o i l s  \ I  

t h e  r e v o l v i n g ,  nonp lana r  shock  f r o n t  which moves a t  .much more n e a r l y  c o n s t a n t  a v e r -  \ 
,I 

f '  
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Q u a n t i t a t i v e  examina t ion  o f  t h e  c o n d i t i o n s  under  which s p i n  and  r e l a t e d  in -  
s t a b i l i t y  phenomena o c c u r  is  hampered by t h e  u n c e r t a i n t y  i n  t h e  measurement o f  t h e  
a x i a l  v e l o c i t y  wi th  t h e  p r e s e n t  i n t e r v a l  method. N e v e r t h e l e s s ,  d e t e r m i n a t i o n  of t h e  
approx ima te  r a n g e s  o f  c o n d i t i o n s  unde r  which s p i n  is observed  h a s  been pursued .  The 
Chapman-Jouguet v e l o c i t y  o f  t h e  1% C 2 H 2 ,  1.5% 0 2 ,  97.5% A r  m i x t u r e  i n i t i a l l y  a t  room 
t e m p e r a t u r e  and ca. 0 . 1  atm p r e s s u r e  is a b o u t  0.9 km/sec,  and t h e  v e l o c i t i e s  of t h e  
shock  waves s t u d i e d  were be tween 1 . 0  and 2.0 km/sec. A t  each  of t h e  t h r e e  i n i t i a l  
p r e s s u r e s  s t u d i e d ,  t h e r e  i s  a r a n g e  o f  shock  v e l o c i t i e s  above 1.0 km/sec i n  which 
n e i t h e r  s ing le -headed  s p i n  n o r  any  o t h e r  d i s c e r n i b l e  p e r t u r b a t i o n  a t  t h e  shock wave 
f r o n t  was obse rved .  A t  po = 20 and 50 Torr, t h e  o c c u r r e n c e  of chemica l  r e a c t i o n  be- 
h i n d  t h e  shock f r o n t  was i n d i c a t e d  a t  shock  v e l o c i t i e s  above  ca. 1.1 km/sec by t h e  
growth and subsequen t  l e v e l i n g  off o f  a b s o r p t i o n  of t h e  u l t r a v i o l e t  l i n e  r a d i a t i o n  
o f  OH. But ev iaence  o f  s p i n  w a s  n o t  p r e s e n t  i n  smoked f o i l  o r  open s h u t t e r  photo-  
g r a p h i c  r e c o r d s  e x c e p t  a t  v e l o c i t i e s  above  ca. 1.2 km/sec  f o r  po = 50 T o r r  and 
above ca. 1.33 k m / s e c  f o r  po 20 Tor r .  
a t  v e l o c i t i e s  as low as  ca. 1.10 km/sec ,  b u t  n o t  a t  still  lower v e l o c i t i e s .  A t  
t h e s e  lower  v e l o c i t i e s ,  where f o r  normal shock waves t h e  t e m p e r a t u r e  b e f o r e  r e a c t i o n  
l i e s  below abou t  1300°K, OH r a d i c a l  a b s o r p t i o n  d i d  n o t  p rov ide  a good means of de- 
t e c t i n g  t h e  o c c u r r e n c e  of r e a c t i o n ,  even though o t h e r  work9  has  shown t h a t  t h e  i n -  
d u c t i o n  zone,  s c a l e d  f o r  d e n s i t y  of r e a c t a n t s ,  l i e s  w e l l  w i t h i n  t h e  t i m e  and s p a c e  
r eg imes  o f  t h e  p r e s e n t  expe r imen t s .  E v i d e n t l y ,  l i t t l e  OH i s  formed u n l e s s  t h e  com- 
b u s t i o n  t a k e s  p l a c e  a t  h i g h e r  t e m p e r a t u r e s  t h a n  t h i s .  

'vlhen t h e  shock v e l o c i t y  was r a i s e d  above  t h e  t h r e s h o l d  r a n e e  f o r  s i n z l e  s p i n ,  
s p i n  modes of h i g n e r  m u l t i p l i c i t y  were ob ta i r i ea .  For  example,  a t  po = 50 T o r r ,  
s ine l e -headed  s p i n  was o b t a i n e d  f a i r l y  r e p r o d u c i b l y  n e a r  1 . 3  k m / s e c ,  b u t  shock 
f r o n t s  w i t h  2, 3, o r  4 v i s i b l e  creases e x t e n d i n g  t o  t h e  p e r i m e t e r  of  t h e  end p l a t e  
smoked f o i l s  were common n e a r  1 . 4  km/sec.  The a b i l i t y  of smoked and  p l a t e  f o i l s  t o  
r e c o r d  t h e  impinqement of h i g h l y  segmented f r o n t s  i n  t n e  i n t e r i o r  of t h e  shock t u b e ,  
as has  been done so s u c c e s s f u l l y  i n  unsuppor ted  was d i sappo i r i t i nE .  
A t  shock  v e l o c i t i e s  above ca. 1.5 km/sec a t  po = 50 T o r r ,  on ly  small, i s o l d t e d  sec- 
ments of  wave i n t e r s e c t i o n  t r a c k s  were reco rded .  Thus w h i l e  t h e  p r e s e n c e  o f  p e r -  
s i s t e n t  s p i n - l i k e  p e r t u r b a t i o n s  i s  i n d i c a t e d ,  it was n o t  p o s s i b l e  t o  o b s e r v e  any 
o r d e r l y  s t r u c t u r e  o r  s t u d y  v a r i a t i o n  o f  s t r u c t u r e  w i t h  shock  v e l o c i t y .  

OH a b s o r p t i o n  o s c i l l o g r a m s  showed pronounced u n d u l a t i o n s  n o t  o n l y  i n  e x p e r i -  
ments where s i n E l e  s p i n  was i n d i c a t e d ,  b u t  a l s o  i n  expe r imen t s  w i t h  c o a r s e  m u l t i -  
headed s p i n .  In  s t i l l  f a s t e r  shock  waves, tnough,  t h e  s t r u c t u r e  was e v i a e n t l y  
of  s u f f i c i e n t l y  f i n e  s c a l e  a n d / o r  low i n t e n s i t y  t h a t  p r o p e r t i e s  a v e r a g e d  o v e r  t h e  
t u b e  d i a m e t e r ,  as  by a photon  beam a b s o r p t i o n  e x a e r i m e n t ,  may become u s a b l e  f o r  
d e t e r m i n a t i o n  of combustion s t o i c h i o m e t r y  and t n e  c o u r s e  o f  slow chemica l  changes  
t h a t  f o l l o w  behind  t h e  i n d u c t i o n  zme.  

A t  120  Torr, s i n g l e - h e a d e d  s p i n  o c c u r r e d  

Another  reg ime of i n t e r e s t i n g  phenomena was found i n  r e a c t i v e  shocks  a t  ve loc -  
i t i e s  j u s t  below t h o s e  a t  which s ing le -headed  s p i n  was obse rved .  
o s c i l l o ~ r a m s  were n o t  r e p r o d u c i b l e ,  sometimes i n d i c a t i n g  a b r u p t  f o r m a t i o n  of l a r g e  
q u a n t i t i e s  o f  OH and on o t h e r  o c c a s i o n s ,  unde r  c l o s e l y  s i m i l a r  c o n d i t i o n s ,  showing 
s c a r c e l y  d e t e c t a b l e  appea rance  o f  OH.  
wave prop,ress  down t h e  t u b e  showed scat ter  which was a p p r e c i a b l e ,  w i t h  d i f f e r e n c e s  
i n  a p p a r e n t  v e l o c i t y  a s  l a r g e  as 3% between s u c c e s s i v e  30 cm i n t e r v a l s .  Tests re- 
v e a l e d  co r re spond inn  d e p a r t u r e s  of t h e  shock  f r o n t s  from p l a n a r i t y ,  which were on ly  
abou t  o n e - t h i r a  as large a$ t h o s e  found when s p i n  was i d e n t i f i a b l e .  
r e c o r d s  showed no c r e a s e s  extendinp,  t o  t h e  p e r i m e t e r  o f  t h e  tube .  
p l a t e  f o i l s  showed p a t c n e s  of i n d i s t i n c t  d i s t u r b a n c e  i n  t h e  i n t e r i o r  of t h e  tube .  

On t h e  b a s i s  o f  t h i s  somewhat i ncomple t e  c h a r a c t e r i z a t i o n  o f  t h e s e  sub- 
s p i n n i n g  i n s t a b i l i t i e s ,  it is nypo thes i zed  t h a t  t h e y  r e p r e s e n t  i r r e g u l a r i t i e s  i n  
t h e  r e a c t i o n  zone whicn a r e  n o t  of s u f f i c i e n t ,  l o c a l i z e d  e x o t h e r m i c i t y  t o  ex tend  
t h e i r  i n f l u e n c e  i n  l a r g e  a m p l i t u d e  form t o  t h e  shock  f r o n t  or are n o t  of p rope r  
wavelength  t o  c o u p l e  t o  a c o u s t i c  o s c i l l a t i o n s  o f  t h e  burned  gas .  A t t e n t i o n  i s  h e r e  
drawn to i n t e r f e r o g r a m s  o f  r e a c t i v e  shock waves i n  d i l u t e  exo the rmic  s y s t e m s ,  

OH a b s o r p t i o n  

Raster o s c i l l o s c o p e  r e c o r d s  o f  t h e  shock 

Smoked f o i l  
I n s t e a d ,  end 
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i n c l u d i n z  a n  : iH3 - O2 sys t em”  and one  of t h e  E2 - 02 - A r  m i x t u r e s 1 2  p r e v i o u s l y  
used fo r  k i n e t i c s  s t u d i e s  i n  o u r  L a b o r a t o r y 5  i n  which a t  i n i t i a l  p r e s s u r e s  be- 
tween 100 and 200 Torr t h e r e  had been  pronounce? u n d u l a t i o n s  i n  OH a b s o r p t i o n  , 

o s c i l l o g r a m s .  These i n t e r f e r o g r a m s  showed t h a t  t h e  shock f r o n t  is  q u i t e  f l a t ,  
t h o u z n  s l i g h t l y  t i l t e d  i n  t h e  t u b e ,  b u t  t h e  r e a c t i o n  zone is much more s i q n i f i -  
c a n t l y  d i s t u r b e d .  I t  a lso seeins a p p r o p r i a t e  to  r e p o r t  t h a t  a t t e m p t s  t o  r e c o r d  
smoked f o i l  i n s c r i G t i o n s  i n  t h e  112 - 0 2  - A r  m i x t u r e  under  t h e s e  same c o n d i t i o n s  
qave n e g a t i v e  r e s u l t s .  

t i i f  same sys te r r ,  we n o t e  t h a t  most of t n e  k i n e t i c s  s t u d i e s , 1 3  some of which have  
used  more c o n c e n t r a t e d  m i x t u r e s  t n a n  t h e  p r e s e n t  o n e ,  nave been l o n e  i n  an  i n i t i a l  
p r e s s u r e  reg ime an  o r d e r  o f  mayni tude  lower. 111 a d d i t i o n ,  many of t h e  s t u d i e s  have 
been  done u s i n 2  r e f l e c t e d  s h o c k  waves and i r ,  ways which are n o t  so s u b j e c t  t o , i n t e r -  
f e r e n c e  by t r a n s v e r s e  waves e i t i i e r  a t  t h e  snock f r o n t  or i n  t h e  r e a c t i o n  zone. 

To r e l a t e  tlie p r e s e n t  work i n  a c e t y l e n e  - oxygen m i x t u r e s  t o  o t h e r  work i n  

The o c c u r r e n c e  o f  s p i n  i n  an  envi ronment  d i v o r c e d  from m a r g i n a l l y  p r o p a g a t i n g  
d e t o n a t i c n  would ai’pear t o  o f f e r  a h e r e t o f o r e  u n r e a l i z e d  o p p o r t u n i t y  t o  s t u d y  t h e  
l i m i t i n ?  c o n d i t i o n s  for t h e  o c c u r r e n c e  of s p i n  v i t n  a d d i t i o n a l  v a r i a b l e s  a t  o n e ’ s  
c o m a n d  i n  t n e  ho?e o f  e l u c i d a t i n i :  d e t o n a t i o n  l i m i t  phenomena. The l a c k  of s h a r p -  
n e s s  of t i ie  limits o h s e r v e d  i n  t h e  ? r e s e n t  sys tem d e t r a c t s  somewhat from t h e  d t -  

t r a c t i v r n e s s  of t:iis a ~ ~ i r o . i c i 1 ,  : )u t  furt1ic-r a o r ~  nay De a p a r o p r i a t e .  

. na . - .. ,e:, o:,si?rve:. i n  t i i e s e  dv.iven inosh \ j ives  t o  hrrowi i ; r o p e r t i e s  o f  t h e  ci iemical  n:ix- 
liirc. Fro: t i le  c i ; ? i t t e < : l y  . : i .u te  value:; of t i ie  tiire;ho:d v e l o c i t i e s  fo r  s p i n ,  

a 2: i <? 1 I n  r: uc t i c,n zoi; E 1 e I: 7, L i l  r i::e t e n 3 e r a t u r t  a [ i d  d e n s i t y  behind  t i ie a x i a l -  

A. i,riei’ a t t e r n t  i s  n a i e  iiere t o  r e l a t e  some p r a m e t e r s  of t h e  sirir;le s p i n n i n g  

> t h r e s n o l d ,  , it  t i i t  t i .F i e  ? X  t.-, L i n i t i a l  ;iressures, tiie i n d u c t i o n  t i n e s  t ;  anc! 

i n i n ?  shock f r o n t s  have i~e,en e v a l u a t e d  frorn 
T h e s e  v.l.liies a r e  r e c o r d e d  i n  T a i l c  1, where 

r:c 1eri:;tiis C c r  t i i esc  s ? i n n i n Z  i;aves a r e  n o t  con- 
r d e n s i t y ,  anci a r e  a11 snal.ler t h a n  tkic IOC ir.m 

?,. ~ : i e  r,ecin ; . i ~ c n  r i r i q i i ,  3, f r o 3  smoked  s i d e  f o i l s  anti t h e  nean  a x i a l  v e l o c i t y ,  
i j ,  were o t ta ine : l  from se?;ir<ite ex ; ie r iments ,  done for 90 = 20 and  50 Torr ,  eaci l  a t  
c c n s t a n t  t u b e  loiidin:: co c i i  t i o n s .  ‘.?!lese d a t a  x e r e  conbined  t o  d e t e r m i n e  t h e  c i r -  
cuni!-ereiiti;il v e l o c i t y  c o  ponei.? of  t n e  s i n ~ l e  s p i n  untier t h e s e  two c o n d i t i o n s .  I 
‘Ta!;le TI t n e s e  a r e  rrcor e d  an2 c o m a r e d  w i t i l  t iie p e r i m e t r a l  v e l o c i t y  f o r  p u r e  

t 

fur idamental  i r c u  a t i o j j  i r i .  t h e  _rea_cteti gas. es-tinidted f o r  a - p l a n e  

t i m e s  tae sound v e l o c i t j r ,  c ) .  l 4  A.lso t a b u l a t e d  a r e  the Chapman-Jouguet d e t o n a t i o n  
v e l o c i t i e s  D’CJ i c r  t h e  unsuFpor t ed  d e t o n a t i o n  o f  t h e  h o t ,  compressed, u n r e a c t e d  
cas Lehind t h e  2r inar-y m o c k  f r o n t  havinr; v e l o c i t y  9. The c i r c u m f e r e n t i a l  v e l o c -  
i t y  of  t h e  t r a n s v e r s e  s p i n  wave d t  t h e  tribe p e r i m e t e r  is  s e e n  t o  l i e  between these 
two c i l a r a c t e r i s t i c  v e l o c i t i e s  o f  tile sys tem,  wnich a r e  s u f f i c i e n t l y  d i f f e r e n t  from 
eact ,  o t h e r  under  t h e  p r e s e n t  e x p e r i m e n t a l  c i r c u m s t a n c e s  t h a t  t h e  s p i n n i n g  wave 
cannot  be i n  close r e s o n a n c e  w i t h  b o t h ,  cis i t  n a s  been  found t o  be i n  c e r t a i n  u n - ’  
su?; ,or tec  sp innine ,  ( j e t o n a t i o n s . 1 4 ’ 1 5  

I n  s i p l e s t  ttrrns, t h e  e x p e r i m e n t s  d e s c r i b e d  here show t h a t  t h e  o c c u r r e n c e  of 
s i n e l e - h e a d e d  s p i n ,  whicn may be u n i v e r s a l l y  a s s o c i a t e d  w i t h  u n s u p p o r t e d  d e t o n a -  
t i o n s  a t  tiie l i n i t s  of t h e i r  a b i l i t y  t o  p r o p a g a t e ,  is n o t  e x c l u s i v e l y  a p r o p e r t y  of 
u n s u p p o r t e d  waves or of Chapman-JouEuet f low.  

oxycen - a r z o n  m i x t u r e  was first i d e n t i f i e d  were c a r r i e d  o u t  i n  J u l y  1 9 6 3  by 
1.1. P .  Eastman and P.  F. 8 i r d ,  and i n  c o l l a b o r a t i o n  w i t h  P ro f .  K. A .  S t r e h l o w .  
J .  L. Young and J .  G .  d i l l i a m s o n  c a r r i e d  o u t  most of t h e  s u b s e q u e n t  e x p e r i m e n t a l  
w o r k .  

stdock wave 3 c  t-re w i t ; )  r e a c t i o n  to  c h e m i c a l  e q u i l i b r i u m  (1.81+ 

The i n i t i a l  e x p e r i m e n t s  i n  wnich t h e  o c c u r r e n c e  o f  s p i n  i n  t n i s  a c e t y l e n e  - 



33. 

Table  I. Normal Shock I n d u c t i o n  Zones a t  Sp in  Thresho ld  for 1% C2H2, 
1.5% 02,  97.5% A r  i n  1 0  cm d i a m e t e r  t ube .  

X ti i 

' T o r r  km/sec OK p s e c  mm 

20 1.33 1820 52 20 
50 . - 1 . 2 0  1518 8 3  29 

120 1 .10  1317 122  4 1  

PO D t h r e s h o l d  T 

Table  11. C i r c u m f e r e n t i a l  V e l o c i t y  C o n s i d e r a t i o n s  f o r  SinRle-Headed Sp ins  
i n  Dr iven  Shock Waves. 

D c o t 0  %J PO D 0 1.84 c 

Torr km/sec km/sec km/sec km/sec 

20 1 .38  46O 1.59 1 .33  1 .25  
50 1 .31  430 1 .53  1.40 1.24 
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Figure 1. 

S t i l l  photograph of luminosity of driven shock, 
D = 1.3 mm/psec, in 1.0% C2H2, 1.5% 02, 97.5% Ar 
a t  50 t o r r .  i n  10 cm diameter glass tube. 
Shock motion l e f t  t o  right. 


